The purpose of this study was to consider the discrepancy between the trunk-based and the pelvis-based hip joint angles, and the difference between the MTC lengths estimated on the basis of the two types of hip joint angles during dynamic movement. Ten male athletes performed CMJ. Joint kinematics and the MTC length of long head of biceps femoris were compared between the trunk-based hip angle and the pelvis-based hip angle. In the CMJ, the angular displacements of the trunk-based were significantly higher than that of pelvis-based hip joints. There were no significant correlations between the two types of hip joint angles except at initial position. As for long head of biceps femoris, in contrast with the trunk-based-hip joint angle derived MTC length, which shows stretching in the descending phase and shortening in the ascending phase, the pelvis-based hip joint angle derived MTC length shows little changes. These results suggest that the trunk-based and pelvis-based hip joint angles have similar patterns of fluctuation; however, the angular displacement of each type is not equivalent. These results also suggest that we may misinterpret the type of muscle contraction because the definitions of hip joint angle are different even for the same muscle type.
Introduction
Estimation of muscle-tendon complex (MTC) length has been employed as a method for acquiring information regarding the type of muscle contraction or muscle shortening velocity. At present, several estimation equations are used to obtain the MTC length (Frigo and Pedotti, 1978; Grieve et al., 1978; Hawkins and Hull, 1990; Visser et al., 1990) . These estimation equations are based on actual measurement values of the joint angle and the MTC length from a cadaver. Using these equations, the MTC length during dynamic movement can be obtained as a function of the joint angle measured by video analysis.
MTC behavior during running, long jump, and counter movement jump (CMJ) has been detailed in certain previous studies (Gregoire et al., 1984; Simonsen et al., 1985; Jacobs and van Ingen Schenau., 1992; Jacobs et al., 1993) . However, it appears that some of these studies may have scope for improvement in defining joint angles, which is not necessarily an anatomical application. This can lead to serious errors in the calculated MTC length. However, some previous studies may not have been exact in the anatomical interpretation of joint definition. There is the possibility that there was a serious error in the MTC length change that was presented. Particularly, in the case of hip joint angle, although the established estimation equation is based on the angle of intersection of the pelvis and thigh (pelvis-based hip joint angle), some previous studies have adopted the angle of intersection of the whole trunk and thigh (trunk-based hip joint angle) for calculations of the MTC length. The origin of biarticular hamstrings is also within the pelvis. Therefore, the MTC length does not depend on the trunk inclination, but on the position of the pelvis, namely, pelvic inclination. Considering the hip joint definition, there is a possibility of over or under estimation of the MTC length of biarticular hamstrings, unless the study includes the trunk inclination along with the pelvic inclination.
The hamstring muscles are biarticular, acting on both the knee and hip joint. The biarticular muscles control the distribution of net moments and work produced at the related joints (Jacobs and van Ingen Schenau., 1992; Bobbert and van Ingen Schenau, 1988; Jacobs et al., 1996) . The biarticular hamstrings control the extension of the hip joint along with gluteus maximums. So the biarticular hamstrings and gluteus maximums result in the propulsion of the center of gravity during jumping or running, which represents human locomotor activity. Thus, misinterpretation of the behavior of this muscle may cause a misunderstanding regarding the mechanisms of various exercises. Therefore, it is essential to understand not only the difference between the trunk-based hip joint angle and the pelvis-based hip joint angle but also the MTC length based on these two definitions.
The purpose of this study was to consider the discrepancy between the trunk-based and the pelvisbased hip joint angles, and the difference between the MTC lengths estimated on the basis of the two types of hip joint angles during counter movement jump (CMJ). CMJ is used as the representative example of the dynamic movement in this study.
Method

Subjects
Ten male track and field athletes (age, 22.5Ϯ2.1 years; height, 1.8Ϯ0.1 m; weight, 68.5Ϯ4.8 kg) participated in the study. The subjects were informed of the testing procedures and potential risks and their informed consent was obtained. Before executing any jumps, the subjects were instructed to perform sufficient warm-up exercises such as light running, jumping, and stretching. The subjects performed CMJ with maximal effort. They were instructed to position their hands on the iliac crest.
Measurements
In order to measure the motion of the subjects during CMJ, small reflective marks were positioned on the acromion, anterior superior iliac spine (ASIS), posterior superior iliac spine (PSIS), trochanter major (TM), lateral epicondyle of femur, lateral malleolus, posterior end of calcaneus, MP joint of foot, and great toe. In addition, the small reflective marks on ASIS and PSIS were adhered to the skin directly through the holes in subject's tights (Figure 1) . Three-dimensional trajectories of the markers were obtained using a VICON motion analysis system (Oxford Metrics Ltd., Oxford, England) with 6 cameras (NAC Inc. Tokyo, Japan) at a sampling rate of 120 Hz. Simultaneously, the ground reaction force was measured using a force platform (Kistler Instruments, Switzerland) at a sampling rate of 1000 Hz.
After the positions of these landmarks were digitized, the positional data were smoothed using a Butterworth low-pass filter. The optimum cut-off frequencies, ranging from 8 to 15 Hz, were determined by the residual error method proposed by Wells and Winter (1980) .
In this study, we defined two types of hip joint angle, namely, the trunk-based hip joint angle (upper end of sternum-trochanter major-lateral epicondyle of femur) and the pelvis-based hip joint angle (midpoints of anterior and posterior superior iliac spinestrochanter major-lateral epicondyle of femur) ( Figure  2 ).
MTC length
The MTC length of the long head of biceps femoris and gluteus maximus were calculated on the basis of the two types of hip joint angle and knee joint angle. The MTC length of the long head of biceps femoris was calculated using the equation of Hawkins and Hull (1990) , whereas the MTC length of gluteus maximums was calculated using the estimate equation of Nemeth and Ohlsen (1985) .
Long head of biceps femoris L (%)ϭ100ϩ(13.99a Ϫ8.5a 2 ϩ0.68a 3 ) Gluteus maximums L, A and B are the MTC length of percentage of segment length, hip joint angle and knee joint angle measured in degrees, respectively. And a is hip joint angle (180°is full extension) in radian.
CMJ
The jumping height was calculated on the basis of velocity of C.G. at take off (V 0 ).
The data was collected from ground reaction force decline from baseline by a start of C.G. descending to take off.
Statistics
Statistical analysis of the difference between the two types of hip joint angles and the derived MTC length was performed by means of a paired t-test, and the relationship between the trunk-based and pelvis-based hip joint angles was tested using a Pearson product moment correlation coefficient. The value of pϽ0.05 was considered to be statistically significant.
Result
The height of the jump was 0.50Ϯ0.10 m. The typical example of hip joint angles (the trunk-based and pelvis-based) during CMJ are presented in Figure 3 . The difference between the trunk-based and pelvisbased hip joint angles increased gradually to the midpoint and decreased gradually to take off.
At the initial position in CMJ, the angle of the trunk- based and pelvis-based hip joints were 10.82°Ϯ9.06°a nd 12.79°Ϯ4.06°, respectively. And there was a no significant difference between the two types of hip joints at this event. At the maximum anterior inclination of trunk in CMJ, the angle of the trunkbased and pelvis-based hip joints were 115.40°Ϯ8.51°a nd 72.30°Ϯ16.25°, respectively. At the maximum flexion of the knee joint in CMJ, the angle of the trunkbased and pelvis-based hip joints were 113.52°Ϯ10.84°a nd 69.65°Ϯ16.57°, respectively. And at take off in CMJ, the angle of the trunk-based and pelvis-based hip joints were 17.13°Ϯ4.72°and 13.10°Ϯ5.94°, respectively. There was a significant difference between the two types of hip joints at the maximum anterior inclination of trunk, the maximum flexion angle of knee joint and take off in CMJ ( Table 1) .
The correlation coefficients between the trunk-based and pelvis-based hip joint angles are presented in Table  2 . There were no significant correlations between the two types of hip joint angles except initial position.
The typical example of the MTC length of the gluteus maximums and the long head of biceps femoris, which were estimated by the trunk-based and pelvis-based hip joint angle during CMJ are presented in Figure 4 . Regarding gluteus maximums, both definitions of hip angles derived MTC length were observed to be stretched in the descending phase and shortened in the ascending phase of CMJ. But MTC length of gluteus maximums, which estimated by trunk-International Journal of Sport and Health Science Vol.7, [79] [80] [81] [82] [83] [84] [85] 2009 http://www.soc.nii.ac.jp/jspe3/index.htm
Figure 3
The typical example of hip joint angles (the trunk-based and pelvis-based) with vertical reaction force during CMJ. Table 2 The correlation coefficients between the trunk-based and pelvis-based hip joint angles. based hip angle shows isometric contraction at around the maximum flexion of knee joint. Regarding long head of biceps femoris, in contrast with the trunkbased-hip-joint-angle-derived MTC length, which shows stretching in the descending phase and shortening in the ascending phase, the pelvis-basedhip-joint-angle-derived MTC length shows little changes.
Results of MTC length of gluteus maximums and long head of biceps femoris, which were estimated by the trunk-based and pelvis-based hip joint angle in CMJ are presented in Table 3 . There were significant differences between MTC length which estimated by trunk-based and pelvis-based hip angle at the maximum anterior inclination of trunk, the maximum flexion angle of knee joint and take off in CMJ.
Discussion
The trunk-based hip joint angle shows a higher value than the pelvis-based hip joint angle in CMJ. There were significant differences between these angles at the maximum anterior inclination of trunk, the maximum flexion angle of knee joint and take off of CMJ. Although the trunk-based hip joint angle flexed at an approximate range of 120°, the pelvis-based hip joint angle flexed at an approximate range of 60°in the descending phase of CMJ. Additionally, there were no significant correlations between the two types of hip joint angles, except at initial position.
These results suggest that the trunk-based and pelvis-based hip joint angles have similar patterns of fluctuation; however, the angular displacement of each type is not equivalent. Further, it suggests that estimating one type of joint angle from the other is difficult since no significant correlations were observed between the two types of hip joint angles. Therefore, the trunk-based and pelvis-based hip joint angles are disparate and it is preferable to use the pelvis-based hip joint angle instead of the trunk-based hip joint angle for precise estimation of hip joint kinematics.
The difference in the angle of the trunk-based hip joint and pelvis-based hip joint is the difference between the trunk angle and the pelvic angle because the thigh angle, by the same definition, is involved in the trunk-based hip joint and the pelvis-based hip joint. This fact indicates that angular displacement of the entire trunk and only the pelvis is not equivalent. In some cases, it has been assumed that the trunk is a rigid segment consisting of the spine and pelvis; therefore, biomechanical video analysis becomes easier. However, the actual trunk is not a rigid segment because both the spine itself and the lumbosacral joint have considerable mobility. This fact implies that the pelvis does not incline anteriorly even if the trunk bends in the forward direction.
In addition, we calculated the MTC length of the gluteus maximums and long head of biceps femoris, which were the representative hip extensor muscles, by measuring the trunk-based and pelvis-based hip joint angles. We also examined the length difference between the MTC calculated by the trunk-based hip joint angle and by the pelvis-based hip joint angle. The MTC length of gluteus maximums calculated by both the trunk-based and pelvis-based hip joint angles was stretched in the descending phase and was shortened in the ascending phase. However, MTC length of gluteus maximums calculated by trunk-based hip angle shows isometric contraction at around the maximum flexion of knee joint. The MTC length of the long head of biceps femoris calculated by the trunk-based hip joint angle was stretched in the descending phase and shortened in the ascending phase. However, the MTC length of the long head of biceps femoris calculated by the pelvisbased hip joint angle did not change. Based on these results, we suggest that the long head of biceps femoris calculated by the trunk-based hip joint angle performs eccentric muscle contraction. On the other hand, the long head of biceps femoris calculated by the pelvis-based hip joint angle perform isometric muscle contraction during the descending phase in CMJ. These indicate that we may misinterpret the type of muscle contraction because the definitions of hip joint angle are different even for the same muscle type. Misinterpretation of the type of muscle contraction may indicate incorrect knowledge regarding the mechanism by which muscle strain occurs or the functional characteristics of biarticular muscles. The pelvis-based hip joint angle is a more appropriate definition than the trunk-based hip joint angle when it considers the anatomical configuration. Therefore, the MTC length of the gluteus maximums and the long head of biceps femoris calculated by the pelvis-based hip joint angle are anatomically more accurate. It is appropriate to suggest that the long head of biceps femoris performs isometric contraction because its MTC length calculated by the pelvis-based hip joint angle did not change in CMJ. Regarding the MTC length during dynamic movement, Johnson and Buckley (2001) reported that the MTC of the long head of biceps femoris shows isometric contraction during the second half of the recovery phase in sprint running because running is a joint action with concomitant flexion/extension of hip and knee joints. Thus, biarticular muscle takes on a pathognomonic role in transmitting power between related joints (van Ingen Schrnau, 1989) .
We adopt the CMJ as an experimental exercise in this study. CMJ includes quick motion in which hip joint plays a key role. About hip joint, the range of inclination of trunk, namely the proximal segment of the hip joint, is wider in comparison with walking and running. And the form of the exercise is daily, and the individual difference is expected to be small. In fact, a lot of studies adopt CMJ as the experimental movement of jumping or explosive output. These characteristics of CMJ can satisfy the validity and the generality as a pilot study. However, about the application to other dynamic movement, such as walking or running, still there is the need of further estimation about the discrepancy between calculated parameters on the basis of two different definitions of hip angle.
Conclusions
The trunk-based and pelvis-based hip joint angles are disparate in CMJ. In addition, the MTC of the long head of biceps femoris calculated by the trunk-based hip joint angle was stretched in the descending phase and shortened in the ascending phase. However, the MTC length of the long head of biceps femoris calculated by the pelvis-based hip joint angle did not change. This indicates that we may misinterpret the type of muscle contraction because the definitions of hip joint angle are different even for the same muscle type. Therefore it is preferable to use the pelvis-based hip joint angle instead of the trunk-based hip joint angle for precise estimation of hip joint kinematics during CMJ.
Therefore, calculating the MTC length related to the hip joint, such as long head of biceps femoris or gluteus maximus, we have to be careful as to the definition of hip joint especially on the application to the movement with wide hip flexion and trunk inclination (e.g. CMJ).
